Background: Marital status serves as an independent prognostic factor for survival
Despite multiple studies on marital status and cancer prognosis, to our knowledge, neither retrospective nor prospective investigation has been performed to explore the association between marital status and prognosis among STS patients so far.
The aim of this study was to explore the impact of marital status on the survival of STS patients by virtue of the Surveillance, Epidemiology, and End Results (SEER) database, a US population-based sample covering approximately 30% of the population in the United States.
| MATERIALS AND METHODS

| Data sources
Research data were extracted from the SEER database-18 cohort database (Incidence -SEER 18 Regs Research Data + Hurricane Katrina Impacted Louisiana Cases, Nov 2017 Sub [1973-2015 varying] ), affiliating to the National Cancer Institute consists of 18 population-based cancer registries, which represents nearly 26% of the US population. 19 Published data about incidence, mortality, prevalence, survival, and marital status can be applied to assess the impact of cancer in the general population. 
| Inclusion and exclusion criteria
| Study variables
The following variables were extracted from the SEER database, including sex, age at diagnosis, race, year of diagnosis, marital status, pathological grade, tumor size, SEER historic stage, insurance record, surgery condition, vital status, cause of death, and months of survival. Marital status was described as four groups: married, divorced, single (never married), and widowed. STS patients are divided into two groups based on age at diagnosis (≤60 years vs >60 years). Patients diagnosed in different eras were also classified into three groups (2004-2007, 2008-2011, and 2012-2015) to eliminate the survival differences resulting from therapeutic developments for STS over the past decades. Race was categorized as white, black, or others (American Indian/AK Native, Asian/Pacific Islander, and unknown race).
| Statistical analyses
The baseline characteristics of the STS patients were presented with descriptive statistics. The categorical variables were expressed as frequency (percentages). The endpoints of this study were OS and CSS. Kaplan-Meier survival analysis and a log-rank test were used to compare survival difference between groups. Multivariable Cox proportional hazards regression analysis was used to identify the prognostic factors for survival outcomes among STS patients.
To minimize the covariates differences across groups, we conducted a 1:1 propensity score matching (PSM) analysis as follows: (a) Propensity scores were calculated for marital status (married and unmarried) for each patient with a binary logistic regression model that included all the aforementioned covariates; (b) using a nearest-neighbor algorithm, we conducted 1:1 matching for married and unmarried patients with no replacement; (c) after matching, all baseline covariates between the two group before and after propensity scores were matched based on standardized difference(SD) of <0.1, which indicated that these covariates between the two groups were well-balanced.
Kaplan-Meier analysis, log-rank test, and Cox proportional hazards regression were analyzed by R version 3.4.1 (https://www.r-project.org/). The R packages used in this study included rms, survival, survminer, and ggplot2. Propensity score matching was conducted by SPSS for Windows, version 22 (SPSS Inc, Chicago, IL, USA).
All P values were two-sided, and P < 0.05 was considered to be statistical significance. In addition, no differences were observed in the patients' race, which had a SD of 0.058, and diagnosis year (SD: 0.024).
| Impact of marital status on overall survival (OS) and cancer-specific survival (CSS) among STS patients.
We performed a Kaplan-Meier analysis and log-rank test to reveal the difference in overall survival (OS) according to marital status. The married patients had a better 5-year OS rate than those unmarried (63.4% vs 49.5%, P < 0.001). These survival differences were also significant in the log-rank test ( Figure 1A ). After adjustment for potential confounders such as sex, age, race, diagnosis year, pathological grade, tumor size, SEER historic stage, and surgery condition, multivariate Cox proportional hazards regression analysis demonstrated that marital status was an independent and protective factor for OS. And compared with married patients (as the reference group), unmarried patients had higher risks of mortality for OS (HR: 1.28, 95% CI: 1.22-1.34, P < 0.001; Table 2 ). Similar to OS, the Kaplan-Meier survival curve showed that cancer-specific survival (CSS) among patients with different marital statuses was significant (log-rank test P < 0.001; Figure 1B ). The 5-year CSS rate of married patients was 65.8%, which was higher than that of unmarried patients (57.1%; P < 0.001). In the multivariate Cox proportional hazards regression analysis, a similar trend was observed that marital status served as an independent prognostic and protective factor for CSS and unmarried patients suffered higher death risks of CSS than those who are married (HR: 1.19, 95% CI: 1.13-1.26, P < 0.001; Table 3 ).
In addition, age, pathological grade, tumor size, SEER historic stage, and surgery condition were also confirmed as independent prognostic factors for both OS and CSS in the multivariate Cox proportional hazards regression analysis. The detailed description of each prognostic factor is listed in Tables 2 and 3. F I G U R E 1 Kaplan-Meier survival plots of STS patients according to marital status. A, Overall survival; B, cancer-specific survival
| Impact of different unmarried statuses on overall survival (OS) and cancer-specific survival (CSS) among the STS patients
Furthermore, in order to investigate whether different unmarried statuses could contribute to worse prognosis than being married, we divided unmarried patients into three subgroups: divorced, widowed, and single. Kaplan-Meier survival analysis showed the 5-year OS rate was 60.7% in the married group, 53.4% in the divorced group, 36.7% in the widowed group, and 54.3% in the single group. Widowed patients had the lowest rate of survival and the shortest survival time (P < 0.001; (Table 4) .
Regarding CSS, the 5-year CSS rate of the married patients was 65.8%, while those of the divorced, widowed, and single patients was 60.0%, 50.1%, and 59.1%, respectively. And among those unmarried patients, widowed patients had the worst OS outcomes ( Figure 2B ). After controlling other baseline characteristics, divorced patients (HR: 1.15; 95% CI: 
| Subgroup analysis of the effects of different marital statuses on overall survival (OS) among STS patients
Studies have reported the prognosis of STS patients is associated with age, clinical stage, and type of treatment. 20 Our study has also identified several variables including age, SEER historic stage, and surgery condition as risk factors for STS mortality, based on multivariate Cox proportional hazards regression model analysis. Therefore, subsequently, we further explored the impact of different marital statuses on the OS of STS patients in the following subgroups that stratified by those variables. The results indicated that the marital status remained as an independent prognostic factor for better OS in most of the subgroups. Multivariate analysis showed that married patients of both age groups had better OS than other patients (all P < 0.001). The widowed suffered the highest risk mortality for OS, no matter they were older or younger than 60 years old ( Figure 3A,B) . Surprisingly, divorced older than 60 years old (P = 0.053) showed no survival differences from married patients of similar age range (Table 6 ). We then analyzed OS and HR based on different SEER historic stages, no matter which stage they were diagnosed, the married individuals enjoyed better survival outcomes than unmarried ones (Figure 4A-C) . Interestingly, when compared with married patients, divorced patients with regional or distant (Table 7) . Furthermore, we stratified these patients by surgery condition. Consistent with previous results, married patients still enjoyed significant survival advantages and the widowed remained the highest death risks of OS in all the comparisons ( Figure 5A ,B, Table 8 ).
| Propensity score matching and survival analysis in 1:1 matched-pair cohort for STS patients
In order to minimize the possible bias in baseline characteristics between married group and unmarried group and verify the accuracy and reliability of our results, we conducted a propensity score matching (PSM) in 1:1 matched-paired cohort. The standard difference (SD) between all the baseline characteristics decreased significantly after PSM. Considering a SD <0.1 as a cutoff for balance, the distribution of sex, age, race, diagnosis year, SEER historic stage, insurance status, and surgery condition reached good balance. Finally, we obtained 10 028 patients including 5014 married patients and another 5014 unmarried ones. Table 9 summarizes the covariate balance between the married group and the unmarried group before and after PSM. Despite the similar basic characteristics, married patients still remained better survival outcomes than those unmarried in the Kaplan-Meier survival analysis. The 5-year OS rate was 60.3% in the married group and 55.4% in unmarried group (P < 0.001; Figure 6A ). And likewise, the 5-year CSS of married patients was 65.4%, which was significantly higher than those in unmarried group (62.7%; P < 0.001; Figure 6B ).
To guarantee the reliability, we further performed univariate Cox proportional hazards regression analysis. Although (Tables 10 and 11 ).
| DISCUSSION
Despite an uncommon cancer, our study was the largest one to investigate the impact of marital status on survival outcomes among STS population. For the first time, we found that marital status was an independent prognostic factor for STS patients and demonstrated that married patients showed significant survival advantages over unmarried patients, including divorced, widowed, and single patients. Particularly, subgroup analyses were performed based on several established risk factors in this study or others. And it showed marital status could independently predict mortality risk in most of the age, SEER historic stage, and surgery subgroups. Furthermore, in order to balance the covariates between the married and unmarried groups and verify our results, we performed a 1:1 propensity score matched analysis. After matching, marital status was confirmed again as an independent prognostic and protective factor for STS patients, and married patients enjoy lower overall and cancer-specific risk mortality than the unmarried. In addition, age, pathological grade, tumor size, SEER historic stage, and surgery were also independent prognostic factors for STS patients, which were consistent with previous studies. Furthermore, our study indicated that younger STS patients (≤60 years) benefit more from marriage than older patients (>60 years) do. There are several potential reasons for this age discrepancy. First, marriage may grant more mental and financial support to younger than to older. Second, most youngers tend to have unhealthy habits such as smoking and drinking than elders do, indicating that youngers benefit more than elders from the lifestyle changes caused by marital status. In addition, the proportion of widowed elderly patients was the highest (9.1%) among those who were unmarried; this suggested that the poorest survival outcomes of the widowed individuals may also be associated with age.
Interestingly enough, several studies have reported that insurance status is associated with better prognosis in certain cancers. 11, 12 In our study, we also demonstrated insurance status was an independent and protective factor for STS patients. And the proportion of patients with insurance was the highest in the single group, at 10.41% (compared with 5.05% in the divorced group and 5.81% in the widowed group). These results suggest to us that insurance is especially important for unmarried patients, which will provide more stability and security to them. However, compared with married people, unmarried patients, especially for single individuals, showed a distinct tendency to receive no surgery, partly resulting in their survival disadvantages. 24 Early detection was closely associated with better prognosis for STS. 25 However, in our study, this trend was less obvious since we conducted a 1:1 matched-paired cohort analysis by PSM. After matching, the percentages of patients with localized and regional stage or distant metastasis were comparable between two groups. Therefore, survival benefits in the married group did not stem from the advantage of early detection. Survival benefits associated with marriage have been supported by several studies; however, the underlying mechanisms have been not completely elucidated. A better explanation may lie in physiological psychology and socio-economics. From a physiological psychology perspective, as a lethal disease which brings serious threat to human health, cancer damages physical health and leads to adverse psychological stress reaction at the same time. A cancer patient usually experiences higher levels of psychological stress and depression, 26 and this can result in the imbalance of neuro-endocrine-immune network 27 via glucocorticoid resistance and increased catecholamines. 28 It has been well documented that glucocorticoid resistance and catecholamine could promote tumor growth, invasion, and metastasis through immunosuppressive actions. 29, 30 In addition, extensive epidemiological evidence shows psychological stress also affects individual behaviors such as smoking, alcohol consumption, overeating, and drug abuse that in turn adversely affect an individual's health and mortality. 31 For cancer patients, they often need more emotional supports than other patients. In addition to creating feelings of warmth and closeness, emotional support can help inoculate them from psychological stress and depression. Because of spouse emotional support and help, married patients display less stress and depression than their unmarried counterparts after a cancer was diagnosed. 32 Kamen et al. conducted an analysis of 292 prostate cancer patients to explore the relationship between partner support and psychological stress. In their study, married patients with enough spouse support were more likely under lower levels of psychological distress than unmarried patients. 33 The adherence to medical advice and therapy is also important for cancer patients. A recent meta-analysis indicates that married patients usually have better adherence and tolerance with prescribed treatments and regular follow-ups, but also any adverse impact on the economic burden. A large systematic review of researches published since 1995 was conducted to assess the association of cancer survival with socio-economic status. And it indicated that married patients usually possess strong financial resources, 35, 36 which made it easier to get access to expensive therapies and thus was associated with better prognosis. Besides, they may also get additional health care from their spouses. Otherwise, unmarried patients may tend to have economic difficulties, weaker ability to pay, but they must bear the same cost, so they should greater disease economic burden relatively. 37 In our study, compared with unmarried individuals, the married had a larger percentage of surgery (53.77% vs 34.46%), which partly contributed to their survival advantages. It was at least plausible that disparities in survival outcomes among patients with different marital status were partly due to better access to the medical and health services.
In spite of the strengths of this study including largesized sample, subgroup analysis, and PSM method, there were some limitations that could not be ignored. First of all, SEER database does not provide details about the duration and happiness degree of the marriage, and marriage history, which weaken the ability to evaluate the impact of These missing factors may potentially confound our results. Nevertheless, despite these inevitable limitations, our study still demonstrated the importance of marital status, in significantly improving the survival in married STS patients. Overall, our study had identified for the first time that marital status was an independent prognostic and protective factor for survival among STS patients and married patients enjoyed significant survival benefits than those unmarried. Especially, our study also showed that widowed patients are at the highest death risk compared with married patients. These results were further verified through PSM method. Physiological psychosocial and socio-economic factors may contribute to the survival benefits associated with marriage. Therefore, timely psychological interventions and sufficient socio-economic supports should be an essential component of multidisciplinary treatment for unmarried patients, especially widowed patients.
